Objectives. We sought to determine the prevalence and natural history of cardiac tumors in patients/-eferred for fetal echocardiography.
In this retrospective collaborative study we investigated the detection of cardiac tumors with fetal echocardiography. Our hypothesis was that fetal cardiac tumors are benign and either diminish in size or resolve spontaneously. Thus, they occur more frequently than autopsy studies suggest.
Methods
The records of fetal eehocardiography performed at seven periaatal centers over the past 3 to 8 years were searched for the diagnosis of cardiac tumor. There were between 200 and 750 fetal studies performed at each center per year, and ~t~,000 reports were available for the search.
Medical records and fetal echocardiograms of patients identified were reviewed for the following data: 1) reason for referral; 2) gestational age at time of referral; 3) family history of tuberous sclerosis; 4) tumor number, location, size, hemodynamic effect and type; and 5) clinical course and need for operation. Histologic diagnosis was recorded when avail~'ie.
The fetuses were classified into those with (Table 1 ) and without tuberous sclerosis ( Table 2) . Criteria for the diagnosis of tuberous sclerosis were 1) multiple cardiac rhabdomyomas or 2) a single tumor plus 3) involvement of other organ systems (central nervous system, kidney or skin) or a positive family history (31) .
Results
Indication for study. Cardiac tumors were present in 19 pregnancies (0.14%) referred for fetal echocardiography. In fetuses with tuberous sclerosis (Table 1) , the most common indication for echocardiography was an obstetric ultrasound showing a cardiac tumor (7 of 10 fetuses). Indications for referral in the remaining fetuses were maternal diabetes and tetal arrhythmia in fetus 1, maternal tuberous sclerosis in Patient 7 and a sibling with tuberous sclerosis in Patient 8. Patients 3 and 7 also had a family history of tuberous sclerosis.
Fetuses without tuberous sclerosis ( Table 2) were also referred most commonly (7 of 9 fetuses) because an obstetric ultrasound showed a cardiac tumor. One patient (Patient 15) was referred with polyhydramnios, and another (Patient 18) had nonimmune hydrops. The earliest diagnosis of a tumor was made at 21 weeks of gestation. Tumors were singular in 10 fetuses and multiple in 9, and most tumors were located in the ventricular septum ( Fig. 1 ). Tumor size ranged from 0.4 x 0.4 to 3.5 x 4 cm.
The majority (73%) of tumors were not hem~ynam'cally intportant: but in five fetuses the tumors caused some degree of obstruction either before or after birth. In Patient 1, who had tetralogy of Fallot, the t,.~mors were a component of severe fight ventricular outflow tract obstruction documented by increased pulmonary artery velocity and ventricular right to left shunting. Patient 4 had a large tumor in the ventricular septum that narrowed the left ventricular outflow tract, rest~lting in decreased left ventricular flow in utero and subsequent hypoplasia of the aortic arch, and caused coagestive heart failure after birth. Patient 12 had a large tumor in the right v,~xtricular outflow with obstruction documented by D, ~ppler velocimetry. During follow-up the tumor did not regress, and a cardiac catheterization confirmed right ventricular pressure greater than systemic values before surgical excision. Patient 18 had nonimmune hydrops from an obstruction caused by a massive tumor, and fetal death occurred 1 week after diagnosis. Patient 19 had left ventricular outflow obstruction in utero with secondary endocardial fibroelastosis. In the group with tuberous sclerosis, pathologic diagnosis of rhabdomyoma was made in Patients 1 and 4. In the group without tuberous sclerosis, seven fetuses had rhabdomyomas, one had a left ventr,.'cular fibroma (Fig. 2) and one an atrial hemangioma. Pathologic diagnosis was made in Patients 11,12, 17 and 18.
Duration of postnatal follow-up ranged from 1 week to 8 years. Tumors regressed in 9 (56%) of 16 cases; partial involution occurred in 5; and complete involution occurred in 4. One tumor underwent total echocardiographic regression in utero. Tumors were unchanged in four fetuses. Four deaths occurred. Patient 4, who had a massive tumor involving the ventricular septum and apices of both ventricles, died at 1 week of age, and Patient 11 died suddenly at age 5 months, presumably due to a ventricular arrhythmia. Hydrops fetalis Figure 2 . Fetal echocardiographic four-chamber view recorded at 38 weeks shows a large nonhomogeneous fibroma (asterisks) centered near the crux of the heart. E = pericardial effusion; other abbreviations as in Figure 1 .
was the cause of death in Patient 18, and the pregnancy was terminated in Patient 13 because of the risk of tuberous sclerosis.
Surgical intervention wa,; necessary in only three patients. Multiple tumors were. resected from the right ventricle at the time of primary repair of tetralogy of Fallot in Patient 1. Tumor resection was performed in Patient 12 to relieve right ventricular outflow tract obstruction, and in Patient 17 intervention was required for a large pericardial effusion and right atrial hemangioma causing cardiorespiratory distress.
Multiple cardiac rhabdomyotnas were seen in 9 of 10 patients with tuberous sclerosis. Five of 10 patients had organ involveme:e, other than the myocardium. The patient with a single cardiac tumor (Patient 8) is included in the group with tuberous sclerosis because of a positive family history.
Discussion
Tumor epidemiology. The "true" incidence of cardiac tumors in utero and infancy is difficult to estimate, but in our study we found the prevalence in pregnancies referred for fetal echocardiography to be 0.14%. In comparison, an autopsy study of patients of all ages (2) estimated the prevalence of cardiac tumors to be between 0.0017% and 0.28%, and an autopsy study of infants only (1) predicted a prevalence of 0.05%. Different inclusion criteria explain the differences because tumors (rhabdomyomas) may regress and thus will not be present at autopsy studies performed in later life. A "true" incidence can only be generated from population-based screening of a large sample.
More detailed epidemiologic data are available for cardiac rhabdomyomas than for other tumors because they are the most common cardiac tumor in infancy (2) and because they are associated with tuberous sclerosis complex (32) . In an epidemiologic survey of tuberous sclerosis complex, Osborne et al. (33) found a birth prevalence of 0.017%. Watson (34) studied patients with tuberous sclerosis complex and found that children were more likely than adults to have cardiac rhabdomyomas. If the data of Watson (34) and Osborne et al. (33) are combined, a conservative prevalence of rhabdomyomas in childhood of 0.01% is found, which is less than that observed in our selected cohort.
Tumor characteristics. Rhabdomyomas (60%), teratomas (25%) and fibromas (12%) together comprise -97% of primary cardiac tumors in children (4, 14) . In our study, rhabdomyomas comprised 89% of the tumors. Rhabdomyomas may originate in the atria or in the free wall of the ventricular myocardium but most frequently arise from the ventricular septum. Rhabdomyomas are usually sessile, and -50% have an intracavitary component. Ultrasound shows that most tumors are multiple and have a homogeneous echogenicity.
"[he single fibroma in our study, which arose from the left ventricular myocardium, continued to enlarge postnatally and underwent central necrosis and calcification. This is typical for 519 August 1995:516-20 FETAL CARDIAC TUMORS fibromas, which are almost always solitary and are usually located in ventricular myocardium. The central portion of the tumor often has multiple areas of calcification and cystic degeneration. Resection is often not possible, and, as in our case, death from ventricular arrhythmias is common. Ultrasound usually shows the tumor to be of uniform echogenicity and indistinguishable from rhabdomyoma, but in some cases areas of calcification may be seen. Hemangiomas are more uncommon (18) , and most arise gt the base of the heart adjacent to the right atrium. Hemangiomas often have an intracavitary component or associated pericardial effusion. The majority of teratomas are extracardiac (12, 20, (24) (25) (26) 28) , with attachment to the aortic root or pulmonary artery. The tumors often have a nfixed echogenicity on ultrasound evaluation, and there is often an associated pericardial effusion. No teratomas were seen in our study; however, in contrast to rhabdomyomas, most cause nonimmune hydrops or respiratory distress in the newborn period, and early surgical intervention is usually required.
The majority of patients in our study were referred because of an abnormal finding on obstetric ultrasound. One patient was referred for fetal arrhythmia, which was benign. This contrasts with Giacoia (30) , who found that arrhythmias were the reason for referral in 30% of cases. Arrhythmias were observed in 3 (16%) of 19 of our patients and was suspected as a cause of death in 1.
Tumor outcome, Although there was one death in utero and another at I week of age, our data agree with more recent experience (22, 30) that cardia,: tumors can behave in a benign fashion. After the autopsy series of Fenoglio et ai. (6) , in which 53% of infants died within the first week of life, aggressive intervention was advocated (5, 7) . The lack of hemodynamic compromise and tendency for spontaneous involution of rhabdomyomas seen in our study and others (9, 34) suggest that a conservative approach may be more appropriate.
The association between cardiac rhabdomyomas and tuberous sclerosis complex is well known (11, 19, 22, 30) , and in 1992 new diagnostic criteria for tuberous sclerosis complex were established (31) . Multiple cardiac rhabdomyomas, detected prenatally or in early infancy, are now sufficient to establish a diagnosis and are currently the earliest detectable marker for tpberous sclerosis complex. The earliest reported cardiac tumor was seen at 20 weeks of gestation. There are reports of normal findings on scans performed before 20 weeks, and later studies have demonstrated fetal tumors, which suggests that maternal factors may be playing a role (22) . Whether the tumors are present and are too small to be detected or develop later in pregnancy is not known.
There is no clear association between cardiac rhabdomyomas and other manifestations of tuberous scleiosis complex, although five of nine patients with multiple rhabdomyomas had other organ involvement, particularly central nervous system involvement. Currently, the eight patients with a single cardiac rhabdomyoma do not have other stigmata of tuberous sclerosis complex, which contrasts with the experience of Watson (34) , who s,:ggested that the majority of single cardiac rllabdomyomas are associated with tuberous sclerosis comp'ex. Therefoie, counseling of families where a single cardiac rhabdomyoma is present may be more optimistic.
